T imely weaning from mechanical ventilation of patients in intensive care units (ICUs) is intriguing and difficult work. Unnecessary delay in weaning from ventilator support increases the rate of complications such as pneumonia or airway trauma, as well as costs.
Major weaning studies were conducted by using spontaneous breathing trials (SBTs) through T-piece and pressure support (PS) ventilation. 4, 5 In these studies, readiness to wean was assessed by an initial 2-hour T-piece trial. Patients who tolerated this trial were extubated, whereas those whose trial was unsuccessful were randomized to different weaning methods. Previous data revealed a shortened discontinuing period when following a standard protocol that includes an SBT trial in weaning patients from ventilation. [6] [7] [8] Common practice currently recommends an SBT for 30 min to 120 min before extubation. 9 However, the trial may be unsuccessful in some patients before extubation because of the discomfort and increased labor of breathing caused by the endotracheal tube. 10, 11 Consequently, low levels of positive pressure ventilatory support are often applied during SBTs. Several studies showed the same extubation results between short (30-minute) and long (120-minute) SBTs. [12] [13] [14] Although work of breathing was not evaluated in these studies, use of the shortened SBT, which relieves the patient from endotracheal tube discomfort sooner and hypothetically reduces the work of breathing, may improve patients' tolerance of SBTs.
The potential for reducing the period of SBT and the effect of said reduction on a patient's spontaneous breathing ability after extubation remain unclear. The effects of complete elimination of the SBT procedure during extubation should be investigated. Some studies recommend SBTs, whereas others suggest that SBTs are inaccurate and that approximately 15% of extubation failures are unidentified in SBTs. 15 The reintubation rates of initial SBTs ranged from 10% to 20%. Failure rates for SBTs of 26% to 42% have been reported. 4, 5, 16 Studies have been conducted to identify predictors of successful extubation or weaning. 17 The present study evaluated the clinical outcome of extubation with or without an SBT. We hypothesized that an SBT is not an essential process during weaning from ventilation in ICU patients.
Materials and Methods

Patients
The present study was conducted in an 8-bed adult general ICU in a 1000-bed primary teaching hospital. All patients enrolled in this study had been receiving mechanical ventilation via an endotracheal tube for more than 48 hours during the study period. The investigation was approved by the hospital's ethics committee. Written informed consent was obtained from the next of kin of each patient. The patients were ventilated in PS mode during the entire weaning period. The levels of inspiratory PS and positive-end expiratory pressure were progressively reduced depending on a patient's clinical assessment and blood gas values.
The patients had to satisfy the following readiness criteria: significant improvement or resolution of the underlying cause of acute respiratory failure; full wakefulness; need for bronchial toilet less than twice within the 4-hour period preceding the assessment; stable hemodynamics without further need for vasoactive agents; ratio of PaO 2 to fraction of inspired oxygen (FIO 2 ) greater than 200 at a positive end-expiratory pressure of 4.0 cm H 2 O, with a maximum FIO 2 of 0.40; core temperature less than 38.0°C; systolic blood pressure greater than 90 mm Hg; and respiratory rate/tidal volume ratio less than 105 breaths/min per liter. The ratio was calculated after 1 minute of spontaneous breathing. 13 During the SBT, the maximum inspiratory PS was 12 cm H 2 O, and no mandatory machine breaths were supplied from the ventilator.
Study Protocol
We investigated the weaning process with and without an SBT. All patients were continuously assessed according to the readiness criteria and were screened for enrollment once a day (between 10 AM and noon). As soon as they were ready for weaning, the patients were randomly assigned to either the SBT group or the no-SBT group. Randomization was conducted in a blinded fashion by using opaque and sealed envelopes. Patients who exhibited poor tolerance to SBT were immediately administered full ventilation support and continuously assessed for the subsequent weaning. Poor tolerance was defined by the following failure criteria: a decrease in oxygen saturation to less than 90%; a respiratory rate greater than 35/min for more than 5 minutes in the presence of diaphoresis or thoracoabdominal paradox; and a sustained increase in heart rate (>140/min) or a significant change in systolic blood pressure (>180 or <90 mm Hg). Patients who tolerated the SBT underwent immediate extubation and received supplemental oxygen via a facemask.
Patients in the no-SBT group who met the readiness criteria immediately underwent extubation without an SBT and received supplemental oxygen via facemask. Noninvasive ventilatory support was introduced after extubation under the following conditions: hypoxemia (SaO 2 <90% for >15 minutes) while receiving supplemental oxygen, respiratory acidosis (arterial pH <7.35 with PaCO 2 >45 mm Hg), and respiratory rate greater than 25/min for 1 hour. The mode of ventilation was biphasic positive airway pressure. When such support was inadequate (hypoxemia, hypercapnea, or respiratory distress), the patient was reintubated and mechanical ventilation was resumed.
The SBT and extubation were performed by 2 physicians who are members of the research team. Decisions regarding reintubation were made by the physicians who were blinded to the treatment groups. Extubation failure was defined as reintubation within 48 hours. The reasons for reintubation were prospectively recorded.
Statistical Analysis
Results are expressed as mean (SD). Mean values of selected demographic variables and physiologic parameters of patients who underwent SBT were compared with those of patients who underwent extubation directly via Student t tests. Differences in proportions between the 2 groups were determined by a χ 2 test.
Results
Characteristics of Patients
A total of 121 patients satisfied the inclusion criteria for extubation and were randomized (SBT group, n = 61; no-SBT group, n = 60). Extubation without an SBT was successful compared with extubation with an SBT, which is the standard protocol when discontinuing ventilation support. duration of mechanical ventilation, size of endotracheal tube, and reason for mechanical ventilation was apparent between the treatment groups. No significant difference in respiratory measurements, hemodynamic parameters, level of albumin in the blood, and level of hemoglobin at the end of weaning readiness assessment was indicated between the groups (Table 2 ). In the non-SBT group, the level of PS was 11.6 (1.1) cm H 2 O at the time of extubation. In the SBT group, the level of PS was 12.1 (1.4) cm H 2 O before the patient entered the SBT phase. The Figure presents the treatment course and the outcomes.
Reintubation
Reintubation was required in 11 patients after noninvasive ventilation: 6 of 60 (10.0%) in the no-SBT group and 5 of 61 (8.2%) in the SBT group (P = .76). Reasons for reintubation included inability to clear secretions (n = 6), new sepsis (n = 2), and respiratory distress (due to acute renal failure, n = 2; due to new hemorrhagic shock, n = 1). A total of 16 patients required noninvasive ventilation after extubation: 9 of 60 (15.0%) in the no-SBT group and 7 of 61 (11.5%) in the SBT group (P = .87). A total of 12 patients died while in the hospital after extubation: 7 of 60 (11.7%) in the no-SBT group and 5 of 61 (8.2%) in the SBT group (P = .78).
Discussion
In this study, we assessed the outcomes of extubation with and without an SBT. The results did not indicate whether the patients in whom the SBT was unsuccessful could discontinue ventilation without an SBT in future extubation attempts. However, 54 patients (90%) were successfully extubated without an SBT, and 56 patients (91.8%) were successfully extubated with an SBT. No significant differences in reintubation and requirement for noninvasive ventilation support after extubation were found between the 2 groups. These results suggest that SBT is not required before extubation.
Tolerance of an SBT in the discontinuation of mechanical ventilation has been examined. [6] [7] [8] Results showed successful extubation with an SBT (with PS ventilation, continuous positive airway pressure, and T-tube strategy) and shortened mechanical ventilation by protocoldirected weaning with an SBT. One possible reason for SBT failure in some patients is the increased ventilatory muscle work caused by the endotracheal tube. To improve SBT tolerance, shortened SBT duration (30 minutes) is recommended, which has shown extubation outcomes similar to the outcomes for longer SBT duration (120 minutes) when releasing patients from mechanical ventilation sooner. 12, 14, 18 Cohen et al 19 recently assessed the effect of SBT with automatic tube compensation, a ventilatory mode designed to overcome the imposed work of breathing due to artificial airways. Cohen et al observed a trend exhibiting higher SBT tolerance among patients and less need for noninvasive ventilation support after extubation compared with an SBT with continuous positive airway pressure. Esteban et al 20 compared 2-hour trials of unassisted breathing with a PS of 7 cm H 2 O versus a T-piece trial. Failure to tolerate weaning was observed in a smaller proportion of patients in the PS group (14%) than in the T-piece trial group (22%). These results suggest that PS decreased breathing load and minimized work of breathing during SBT, which may improve SBT tolerance and improve the extubation outcome. In another study, 21 researchers demonstrated a significant increase in endocrine stress response, as assessed by plasma levels of cortisol, insulin, and glucose, as well as by urinary levels of vanillylmandelic acid, during an SBT. The magnitude of the response was significantly larger at the end of a breathing trial with a T-tube than with PS ventilation. The levels of vanillylmandelic acid returned to normal in the PS group but remained elevated in the T-tube group 48 hours after extubation. All patients requiring reintubation were from the T-tube group. Increased endocrine stress response may have elevated oxygen consumption in the body during the trial. Although the change in endocrine stress response could not be assessed in the present study, the patients' ability to maintain spontaneous breathing successfully after extubation without an SBT suggests that excluding the SBT avoids increased ventilatory muscle overload during extubation.
Indication for long-term ventilator discontinuation is unclear for patients who are unable to exhibit SBT tolerance, which is generally considered for permanent ventilator discontinuation. A considerable proportion of patients in whom T-tube SBT is unsuccessful can be extubated successfully after a further trial with PS. 22 However, whether patients in whom the SBT is unsuccessful can be successfully extubated without the SBT has not been determined. The need for an SBT with or without a supporting procedure (shortening SBT duration or using automatic tube compensation) to predict spontaneous breathing ability before extubation has not been ascertained. Whether SBT failure can be used to predict the need for ventilator dependence cannot be formally assessed because patients in whom the SBT is unsuccessful remain on ventilation support.
Extubation without an SBT was successful compared with extubation with an SBT, which is the standard protocol in discontinuing ventilation support. Data for this single-center cohort of patients suggest that the effect of and need for an SBT in weaning patients off of mechanical ventilation require further research in a general ICU population.
Studies exploring interprofessional responsibility for decision making related to mechanical ventilation and weaning in Australia and New Zealand revealed that physicians and nurses actively collaborated in the management of ventilation and weaning, generally in the absence of protocols. 23 Therefore, physicians and nurses must discuss the weaning process. CCN
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